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(54) Catalyst for producing phthalic anhydride

(57) A catalyst excelling in catalytic properties and
allowing phthalic anhydride to be produced stably in a
high yield for a long time, a method of preparation suit-
able for the preparation of the catalyst, and a method
for the production of phthalic anhydride by the use of the
catalyst are disclosed. A catalyst for catalytic gas phase
production of phthalic anhydride having a catalytically
active component supported on a carrier such that wa-
ter, after undergoing the treatment described below, ex-
hibits specific resistance exceeding a prescribed mag-

nitude, a method for the preparation of the catalyst, and
a method for the production of phthalic anhydride by the
use of the catalyst.

(Treatment) In a conical beaker having an inner vol-
ume of 500 ml, 300 ml of a given carrier is placed and
dried at 120°C for two hours and then the dried carrier
and (amount of water absorption + 220) ml of purified
water added thereto are heated together under normal
pressure at 90°C for 30 minutes.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention:

[0001] This invention relates to a catalyst for the gas phase partial oxidation of orthoxylene and/or naphthalene, a
method for the preparation thereof, and a method for producing phthalic anhydride using the catalyst.

Description of the Related Art:

[0002] The gas phase partial oxidation of aromatic compounds or alkyl-substituted heterocyclic compounds are prac-
ticed widely on a commercial scale, such as the production of phthalic anhydride by the gas phase partial oxidation of
orthoxylene and/or naphthalene, the production of maleic anhydride by the gas phase partial oxidation of benzene,
the production of pyromellitic anhydride by the gas phase partial oxidation of 1,2,4, 5-tetraalkyl benzene, and the
production of an aromatic nitrile or a heterocyclic nitrile by the ammoxidation of an alkyl-substituted aromatic compound
or an alkyl-substituted heterocyclic compound. Various catalysts have been proposed for use in the gas phase partial
oxidation.
[0003] These gas phase partial oxidation catalysts have excellent properties of themselves. Nevertheless, the de-
velopment of gas phase catalysts excelling in catalytic qualities such as activity, selectivity, and service life constitutes
a constant theme for researchers in the relevant technical field.

SUMMARY OF THE INVENTION

[0004] An object of this invention is to provide a catalyst for the gas phase partial oxidation of orthoxylene and/or
naphthalene which excels in catalytic qualities and enables phthalic anhydride to be obtained stably in a high yield for
a long time.
[0005] Another object of this invention is to provide a method of preparation suitable for the preparation of the catalyst.
[0006] Yet another object of this invention is to provide a method for the gas phase partial oxidation of orthoxylene
and/or naphthalen to produce phthalic anhydride by the use of the catalyst.
[0007] According to the first embodiment of this invention, it provides a catalyst for the gas phase partial oxidation
of orthoxylene and/or naphthalen to produce phthalic anhydride which comprising a catalytically active component
supported on an inert carrier, the carrier fulfilling the conditions that the water after the following treatment exhibits
specific resistance of not less than 20, 000 Ω · cm (25°C) in the case of producing phthalic anhydride:

(method of treatment)

[0008] In a conical beaker having an inner volume of 500 ml, 300 ml of a given carrier is placed and dried at 120°C
for two hours and then the dried carrier and (amount of water absorption + 220) ml of purified water added thereto are
heated at 90°C under normal pressure for 30 minutes, wherein the amount of water absorption is represented as follows:

wherein A = 300 (ml) 3 packing density (g/ml) 3 water absorption ratio (wt. %)/100 and B = density of water (g/ml).
[0009] According to the second embodiment of this invention, it provides a method for the production of phthalic
anhydride which comprises effecting gas phase partial oxidation of orthoxylene and/or naphthalen with a molecular
oxygen or a molecular oxygen-containing gas in the presence of the catalyst mentioned above.
[0010] Further, according to the third embodiment of this invention, it provides a method for the preparation of a
catalyst for the gas phase partial oxidation of orthoxylene and/or naphthalen to produce phthalic anhydride, which
comprises supporting a catalytically active component on an inert carrier, the fulfilling the conditions that the water
after the following treatment exhibits specific resistance of not less than 20, 000 Ω · cm (25°C) in the case of producing
phthalic anhydride:

(method of treatment)

[0011] In a conical beaker having an inner volume of 500 ml, 300 ml of a given carrier is placed and dried at 120°C
for two hours and then the dried carrier and (amount of water absorption + 220) ml of purified water added thereto are

Amount of water absorption = A/B
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heated at 90°C under normal pressure for 30 minutes, wherein the amount of water absorption is represented as follows:

wherein A = 300 (ml) x packing density (g/ml) x water absorption ratio (wt. %)/100 and B = density of water (g/ml).
[0012] The catalyst for the production of phthalic anhydride according to this invention excels in activity, selectivity,
and service life and enables the phthalic anhydride to be produced in a high yield for a long time.
[0013] The above and other objects, features, and advantages of the present invention will become clear from the
following description of the preferred embodiments.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0014] The treatment to be used in this invention prior to the determination of the specific resistance of water is
performed by the following method: In a conical beaker having an inner volume of 500 ml (based on Japanese Industrial
Standard (JIS) R-3503), 300 ml of a given carrier is placed and dried at 120°C for two hours and then the dried carrier
and (amount of water absorption + 220) ml of purified water added thereto are heated at 90°C under normal pressure
for 30 minutes, wherein the amount of water absorption is represented as follows:

wherein A = 300 (ml) x packing density (g/ml) x water absorption ratio (wt. %)/100 and B = density of water (g/ml).
[0015] The term "packing density (D) " used in the preceding formula means the magnitude which is represented by
the formula, D = W1 (g) /1000 ml (wherein W1 denotes the weight of the carrier which fills a measuring cylinder, 65
mm in inside diameter 1000 ml in inner volume, when the dried carrier is fed into the measuring cylinder at a rate of
2000 ml/minute).
[0016] The term "water absorption ratio (M) " used therein means the magnitude which is represented by the formula,
M = [(W3 (g) - W2 (g) /W2 (g)] (wherein W2 denotes the weight of 300 ml of the dried carrier and W3 denotes the
weight found after 300 ml of the dried carrier is placed in a basket made of stainless steel wire, heated in boiling purified
water for 30 minutes, then removed from the basket, wiped with a wet gauze till removal of excess water, and weighed).
[0017] This invention concerns a catalyst for the gas phase partial oxidation of orthoxylene and/or naphthalen having
a catalytically active component supported on an inert carrier, characterized by the carrier used therefore causing the
water after undergoing the treatment mentioned above to exhibit specific resistance of not less than 20, 000 Ω · cm
(25°C).
[0018] This invention concerns a catalyst suitable for the production of phthalic anhydride from orthoxylene and/or
naphthalen, a method for the preparation thereof, and a method for the gas phase partial oxidation of orthoxylene and/
or naphthalen to produce phthalic anhydride by the use of the catalyst.
[0019] The inert carrier to be used in this invention does not need to discriminate the material itself to be used therefor.
It may be any of the carriers which are popularly used and are known to be used in preparing catalysts for the production
of phthalic anhydride by the gas phase partial oxidation of orthoxylene and/or naphthalene. As examples of the material
which is popularly used for the carrier of catalyst, it may be cited, for example, alumina, silica, silica·alumina, titania,
magnesia, silica·magnesia, silica·magnesia·alumina, silicon carbide, silicon nitride, and zeolite.
[0020] For example, JP-A-57-105,241 discloses a self-sintered silicon carbide being used as the carrier for a catalyst
for the production of phthalic anhydride from orthoxylene and/or naphthalene.
[0021] The inert carrier which is the self-sintered silicon carbide mentioned above and the inert carrier having silicon
carbide as a main component thereof are used advantageously in this invention. In these inert carriers, the latter carrier
is particularly advantageously used because it is inexpensive, exhibits excellent thermal conductivity based on silicon
carbide, and is easily molded in a required shape.
[0022] The expression "inert carrier having silicon carbide as a main component thereof" herein means a carrier of
the type obtained by using silicon carbide as a main component, mixing it with an inorganic binding agent, and sintering
the resultant mixture in the required shape. The silicon carbide content of the carrier is preferred to be not less than
70 wt. %. As an example of the carrier having silicon carbide as a main component thereof, it may be cited the inert
carrier which, as disclosed in JP-A-09-85,096, has a silicon carbide content of not less than 70 wt. % and contains
silicon dioxide and mullite as the inorganic binding agents.
[0023] Besides, an inert carrier that has steatite as a main component thereof is advantageously used in this inven-
tion.
[0024] As for the carrier to be used in this invention, physical properties, shape or size is not limited. As concerns

Amount of water absorption = A/B

Amount of water absorption = A/B



EP 1 464 393 A1

5

10

15

20

25

30

35

40

45

50

55

4

physical properties, the specific surface area thereof may be not more than 0.3 m2/g and preferably in the range of
0.02 - 0.2 m2/g and the porosity thereof may be in the range of 0 - 35%, preferably 16 -30%. The shapemaybe freely
selected from among sphere, cylinder, hollow cylinder etc. As regards the size, the average particle diameter may be
in the approximate range of 2 - 15 mm, preferably in the approximate range of 3 -12 mm, in the case of spheres.
[0025] This invention is characterized by the carrier used therein causing the water after undergoing the treatment
mentioned above to exhibit specific resistance of not less than 20, 000 Ω · cm (25°) . To be specific, the carrier to be
used is such that when 300 ml of the carrier is placed in a conical beaker having an inner volume of 500 ml and dried
at 120°C for two hours, and then the dried carrier and (amount of water absorption + 220) ml of purified water added
thereto are heated at 90°C under normal pressure for 30 minutes, thewater subsequentlytothis treatment exhibits
specific resistance not less than 23104 Ω · cm (25°C), preferably falling in the range of 25, 000 - 13106 Ω · cm (25°C),
and particularly preferably falling in the range of 33104 - 13106 Ω · cm (°C).
[0026] The term "specific resistance" herein refers to the magnitude which is the reciprocal of the conductivity of
water determined after the treatment mentioned above at 25°C with a conductivity meter. In this invention, when the
specific resistance is 20, 000 Ω · cm, for example, it is expressed as 20,000 Ω · cm (25°C).
[0027] The carrier which exhibits the specific resistance of not less than 20,000 Ω · cm (25°C) for the water after the
treatment mentioned above can be advantageously prepared by washing a given carrier with water, preferably purified
water, to a certain level.
[0028] One concrete method for effecting this washing consists in that the specific resistance for the water after the
treatment mentioned above exceeds 23104 Ω · cm (25°C), preferably falls in the range of 25, 000 to 13106 Ω · cm
(25°C) , andmore preferably 30, 000 - 13106 Ω · cm (25°C), for example by repeating an operation of heating a carrier
under normal pressure at 90°C for 30 minutes. This operation does not need to be repeated when the first round of
the operation allows the specific resistance for the water after the treatment mentioned above reaches a level exceeding
20,000 Ω · cm (25°C). When this operation is performed up to a plurality of repetitions, each operation must use newly
supplied water and require this water to be tested for specific resistance subsequently to the treatment mentioned
above. The amount of water to be used for the washing does not need to be particularly limited. When the carrier has
a volume of 300 ml, for example, the amount of water to be used is the sum of amount of water absorption + 220 ml
in the first round of the operation and 220 ml each in the second and subsequent rounds.
[0029] Prior to the washing with water described above, the carrier may be washed with an acidic aqueous solution
such as of nitric acid, a basic aqueous solution such as of ammonia water, or an organic solvent such as an alcohol.
When an aqueous nitric acid solution, for example, is used for this preparatory washing, it is commendable to repeat
an operation of heating the carrier under normal pressure at 90°C. In this case, a carrier which has undergone this
operation must be washed with water. During this washing with water, however, the carrier is not always required to
be heat under normal pressure at 90°C.
[0030] The means suitable for washing the carrier are not particularly restricted. The carrier may be washed by being
heated in conj unction with a washing liquid or by being exposed to a reduced pressure or increased pressure.
[0031] The catalyst of excellent catalytic properties for the gas phase partial oxidation of orthoxylene and/or naph-
thalene can be obtained by washing the carrier preferably with water as described above or using the carrier exhibiting
the specific resistance of not less than 20, 000 Ω · cm (25°C) for the water after the treatment mentioned above.
[0032] The catalyst of this invention for the gas phase partial oxidation of orthoxylene and/or naphthalene can be
prepared in accordance with the method known to the art except that the inert carrier mentioned above is used therefore.

<1> Production of phthalic anhydridefrom orthoxylene and/or naphthalene

[0033] Generally, it is used a catalyst in which a catalytically active component containing the oxides of (1) vanadium
and (2) titanium is supported on the inert carrier mentioned above.
[0034] Particularly, catalysts suitable therefore are obtained by preparing an oxide composition containing (1) vana-
dium, (2) titanium, and (3) at least one element selected from the group consisting of alkali metal elements, rare earth
elements, sulfur, phosphorus, antimony, niobium, and boron as a catalytically active component and supporting this
oxide composition on the inert carrier mentioned above.
[0035] Methods suitable for supporting the catalytically active substance on the inert carrier are not particularly re-
stricted. It may be cited a method which comprises placing a prescribed amount of the inert carrier in a rotary drum
capable of being externally heated and keeping the inert carrier at 200 -300°C and meanwhile spraying thereon a liquid
(slurry) containing the catalytically active substance thereby supporting the active substance on the carrier. In this case,
the amount of the active substance to be supported on the inert carrier depends on the size and the shape thereof.
When the inert carrier is in the shape of spheres or cylinders, this amount may be proper in the range of 3 - 30 g,
particularly 5 - 20 g of active substance/100 ml of inert carrier.
[0036] The reaction of gas phase partial oxidation contemplated by this invention can be effected in accordance with
any of the methods popularly practiced in executing various reactions except that the catalyst for gas phase partial
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oxidation described above is adopted. Generally, it is carried out with a reaction tube made of carbon steel or stainless
steel and loaded with the catalyst for gas phase partial oxidation of this invention. The reaction tube is preferred to
keep at a constant temperature by means of a thermal medium such as molten salt so that the reaction temperature
may be adjusted at a constant level by the removal of the heat of reaction. Conditions suitable for the reaction of gas
phase partial oxidation are not particularly restricted. The reaction can be carried out under any of the conditions
popularly adopted for varying reactions. In the case of the reaction <1> mentioned above, for example, it may bring
the orthoxylene-containing gas into contact with the partial oxidation catalyst at a temperature in the range of 300 -
400°C, preferably 330 - 380°C, under normal pressure or by application of pressure.

EXAMPLE

[0037] Now, this invention will be described more specifically below with reference to examples. The conductivity
was measured with a conductivity meter (available from Horiba K.K. in Japan as a type of "DS-12").

Example 1

Washing of carrier (1)

[0038] Three liters of hollow cylinder of carrier (1) were heated in three liters of purified water at 90°C for 30 minutes
to wash, the carrier (1) consisting of silicon carbide, silicon dioxide, and mullite at a weight percentage of 90 : 5 : 5,
containing an alkali metal element and an alkaline earth metal element in a total of 0.2 wt. % (hereinafter referred to
as "alkali content"), and exhibiting a packing density of 0. 88 g/ml, a water absorption ratio of 15%, a specific surface
area of 0.14 m2/g, and a porosity of 23%, each hollow cylinder measuring 6.9 mm in outside diameter, 3.7 mm in inside
diameter, and 7.3 mm in length The washed carrier is labeled as (1W).
[0039] In a conical beaker, 500 ml in inner volume (based on JIS R-3503), 300 ml of the carrier (1W) was dried at
120°C for two hours and then the dried carrier and 260 ml [= (300 x 0.88 x 0.15) + 220] of purified water added thereto
were heated together under normal pressure at 90°C for 30 minutes. After treatment, the water was separated from
the beaker and tested for conductivity. As a result, the water had a specific resistance of 27,400 Ω · cm (25°C).

Preparation of catalyst

[0040] Ilmenite was mixed with 80% concentrated sulfuric acid, the mixture was allowed to react thoroughly and then
diluted with water to give an aqueous solution containing titanium sulfate. The resultant aqueous solution was added
with an iron piece as a reducing agent, heated in order to reduce the iron component in the ilmenite into ferrous ions
and cooled to induce precipitation and separation of ferrous sulfate. To the resultant aqueous titanium sulfate solution,
steam heated to 150°C was brown to induce sedimentation of hydrated titanium oxide. This sediment was washed
with water, washed with acid, given a secondary washing with water, and then calcined at a temperature of 800°C
under a stream of air for four hours. The calcined product was pulverized with a jet stream of air to obtain anatase
titanium dioxide having an average particle diameter of 0.5 µm and a specific surface area of 22 m2/g.
[0041] Separately, an aqueous oxalic acid solution was obtained by dissolving 100 g of oxalic acid into 3200 ml of
deionized water. In the aqueous solution, 23.63 g of ammonium metavanadate, 2.99 g of ammonium dihydrogen phos-
phate, 9.40 g of niobium chloride, 4.13 g of cerium sulfate, and 18.35 g of antimony trioxide were placed and thoroughly
stirred. The solution thus obtained and 900 g of the aforementioned anatase titanium dioxide added thereto were stirred
together with an emulsifying machine to prepare a catalyst slurry.
[0042] In a stainless steel rotary kiln measuring 35 cm in diameter and 80 cm in length and adapted to be externally
heated, 1000 ml of the carrier (1W) was placed and preheated to 200 - 250°C and, with the kiln kept in rotation, the
aforementioned catalyst slurry was sprayed onto the preheated carrier to support the catalytically active substance at
a ratio of 9.5 g/100 ml of the carrier. The resultant composite was calcined under a stream of air at 580°C for 6 hours
to prepare a catalyst (A).
[0043] The procedure for the preparation of catalyst (A) was repeated except that the amount of ammonium dihy-
drogen phosphate was changed to 11.96g to prepare a catalyst (B).
[0044] The catalyst compositions of catalyst (A) and catalyst (B) are shown in Table 1 below.

Partial oxidation

[0045] In a carbon steel reaction tube, 25 mm in inside diameter and 3 m in length, immersed in a molten salt bath
retained at a temperature of 350°C, firstly catalyst (B) was loaded to a height of 1 m in the feed gas outlet part as a
second-stage catalyst and then catalyst (A) was piled on the loaded catalyst (B) to a height of 1.8 m in the inlet part
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as first-stage catalyst.
[0046] A feed gas obtained by mixing orthoxylene and air at a ratio of 70 g/Nm3 (air) was introduced into the reactor
through the upper inlet at a space velocity (SV) of 2910 Hr-1 (STP: Standard Temperature and Pressure) to effect partial
oxidation of orthoxylene. The yield of phthalic anhydride and the amount of phthalide ( by-product ) were measured
during the initial stage of reaction and three months after the start of the reaction.
[0047] The results are shown in Table 2 below. The conversion of orthoxylene was nearly 100%, a fact which implies
that the yield mentioned above could be regarded as the selectivity of phthalic anhydride.

Example 2

[0048] The procedure of Example 1 (preparation of catalyst) was repeated except that a carrier (2W) was used
instead of carrier (1W) to prepare catalysts (C) and (D) respectively.
[0049] The procedure of Example 1 (Partial oxidation) was repeated except that catalysts (C) and (D) were used
instead of catalysts (A) and (B).
[0050] The compositions of catalysts (C) and (D) are shown in Table 1 below and the results of the reaction of partial
oxidation are shown in Table 2 below.

Washing of carrier (2)

[0051] Three liters of hollow cylinder of steatite carrier (2) were heated in 3 liters of purified water at 90°C for 30
minutes, the steatite carrier (2) exhibiting a loaded density of 1.08 g/ml, a water absorption ratio of 3%, a specific
surface area of 0.007 m2/g, and a porosity of 5%, each hollow cylinder measuring 6.9 mm in outside diameter, 3.8 mm
in inside diameter, and 7.0 mm in length. The washed carrier was labeled as (2W).
[0052] In a conical beaker, 500 ml in inner volume, 300 ml of the carrier (2W) was dried at 120°C for two hours and
then the dried carrier and 230 ml [= (300 3 1.08 3 0.03) + 220] of purified water added thereto were heated together
under normal pressure at 90°C for 30 minutes. After treatment, the water was separated from the beaker and tested
for conductivity. As a result, the water had a specific resistance of 44,200 Ω · cm (25°C).

Comparative Example 1

[0053] The procedure of Example 1 (preparation of catalyst) was repeated except that the raw carrier (1) not washed
as indicated in Example 1 was used instead of carrier (1W) to prepare catalysts (E) and (F) respectively.
[0054] The procedure of Example 1 (Partial oxidation) was repeated except that catalysts (E) and (F) were used
instead of catalysts (A) and (B).
[0055] The compositions of catalysts (E) and (F) are shown in Table 1 below and the results of the reaction of partial
oxidation are shown in Table 2 below.
[0056] In a conical beaker, 500 ml in inner volume, 300 ml of the carrier (1) was dried at 120°C for two hours and
the dried carrier and 260 ml [= (300 3 0.88 3 0.15) + 220] of purified water added thereto were heated together under
normal pressure at 90°C for 30 minutes. After treatment, the water was separated from the beaker and tested for
conductivity. As a result, the water had a specific resistance of 10,500 Ω · cm (25°C).

Comparative Example 2

[0057] The procedure of Example 2 (preparation of catalyst) was repeated except that the raw carrier (2) not washed
as indicated in Example 2 was used instead of carrier (2W) to prepare catalysts (G) and (H) respectively.
[0058] The procedure of Example 2 (Partial oxidation) was repeated except that catalysts (G) and (H) were used
instead of catalysts (C) and (D).
[0059] The compositions of catalysts (G) and (H) are shown in Table 1 below and the results of the reaction of partial
oxidation are shown in Table 2 below.
[0060] In a conical beaker, 500 ml in inner volume, 300 ml of the carrier (2) was dried at 120°C for two hours and
the dried carrier and 230 ml [= (300 3 1.08 3 0.03) + 220] of purified water added thereto were heated together under
normal pressure at 90°C for 30 minutes. After treatment, the water was separated from the beaker and tested for
conductivity. As a result, the water had a specific resistance of 9,500 Ω · cm (25°C).
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Claims

1. A catalyst for producing phthalic anhydride by means of gas phase partial oxidation from orthoxylene and/or naph-
thalene, comprising an inert carrier and a catalytically active component supported thereon, characterized by the
carrier fulfilling the condition that:

the water after being used in the following treatment exhibits specific resistance of not less than 20,000 Ω ·
cm (25°C);
treatment: in a conical beaker having an inner volume of 500 ml, 300 ml of a given carrier is placed and dried
at 120°C for two hours and then the dried carrier and (amount of water absorption + 220) ml of purified water
added thereto are heated together under normal pressure at 90°C for 30 minutes, wherein the amount of water
absorption is represented by:

wherein A = 300 (ml) x packing density (g/ml) x water absorption ratio (% by weight)/100 and B = density of water
(g/ml).

2. A catalyst according to claim 1, wherein the carrier contains silicon carbide, silica-alumina, or steatite.

3. A catalyst according to claim 1, wherein the catalytically active component contains the oxides of vanadium and
titanium.

4. A method for the production of phthalic anhydride, characterized by effecting gas phase partial oxidation of or-
thoxylene and/or naphthalene with molecular oxygen or a molecular oxygen-containing gas in the presence of a
catalyst set forth in claim 1.

5. A method for preparing a catalyst having a catalytically active component supported on an inert carrier and serving
the purpose of effecting gas phase partial oxidation of orthoxylene and/or naphthalene to produce phthalic anhy-
dride, characterized by the carrier fulfilling the condition that:

the water after being used in the following treatment exhibits specific resistance of not less than 20,000 Ω ·
cm (25°C);
treatment: in a conical beaker having an inner volume of 500 ml, 300 ml of a given carrier is placed and dried
at 120°C for two hours and then the dried carrier and (amount of water absorption + 220) ml of purified water
added thereto are heated together under normal pressure at 90°C for 30 minutes, wherein the amount of water
absorption is represented as follows:

wherein A = 300 (ml) x packing density (g/ml) x water absorption ratio (% by weight)/100 and B = density of
water (g/ml).

Amount of absorption = A/B

Amount of water absorption = A/B
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